Likewise, Halostagnicola larsenii, Halostagnicola kamekurae, and Halostagnicola sp. A56 were co-located on a separate branch in the phylogenetic tree (Fig. 1) . The ANI/AAI values between Hs. larsenii, the type species of the genus, and Hs. kamekurae and Halostagnicola sp. A56 were 87.16%/86.61% and 86.88%/86.84%, respectively. Therefore, the proposals that Halostagnicola is a novel genus (Castillo et al., 2006b), and that Hs. kamekurae is a novel species of this genus (Nagaoka et al., 2010) , are valid. It is also likely that Halostagnicola sp. A56, whose ANI/AAI value with Hs. kamekurae was 92.10%/91.64%, represents a novel species that is yet to be characterized and named. Furthermore, Natronococcus occultus, Natronococcus amylolyticus, and Natronococcus jeotgali were co-located on a separate branch in the phylogenetic tree (Fig.   1 ). The ANI/AAI values between Nc. occultus, the type species of the genus, and Nc. amylolyticus and Nc. jeotgali were 85.82%/84.69% and 87.01%/84.22%, respectively. Hence, the proposals that Natronococcus is a novel genus (Tindall et al., 1984) , and that Nc. amylolyticus and Nc. jeotgali are novel species of this genus (Kanal et al., 1995; Roh et al., 2007) , are valid.
The family Natrialbaceae is a member of the class Halobacteria of the archaeal phylum Euryarchaeota. Seventeen genera with validly or effectively published names are currently included within this family. In this study, using pairwise average nucleotide identity and average amino acid identity comparisons in conjunction with phylogenetic analysis, it has been shown that the family Natrialbaceae is highly diverse and contains several potentially novel species and genera that are yet to be fully characterized. The deduced proteome sequence-based phylogenetic tree, constructed using the alignment-and parameter-free method CVTree3, contained six major clades, with Salinarchaeum sp. Harcht-Bsk1 being the only representative within clade 1.
Furthermore, Haloterrigena daqingensis was found to be closely related to Natronorubrum sediminis, and it is proposed that these archaea together represent a novel genus. Interestingly,
Haloterrigena jeotgali, Haloterrigena thermotolerans, and Natrinema pellirubrum were found to be very closely related to each other, and it is proposed that they be merged into a single species.
Notably, the type genus Natrialba itself appeared to be heterogenous and contains species that could be broadly classified among two genera. Likewise, the genus Natrinema is also heterogenous and contains species that could be classified among six genera. Altogether, 19
novel genera have been proposed to be created, and four haloalkaliphilic archaea hitherto recognized only using genus names are confirmed to represent novel species. et al. (1990) subdivided the domain Archaea into two kingdoms and named them
as Euryarchaeota and Crenarchaeota. The formal name Euryarchaeota reflected the variety of metabolic features of, and the different types of niches occupied by, the methanogenic archaea that were included in this kingdom. Within the hierarchical system of the second edition of the Bergey's manual of systematic bacteriology, these two kingdoms became two novel phyla of archaea Holt 2001a, 2001b) . When it was proposed, the phylum Euryarchaeota contained seven novel classes, including Halobacteria (Garrity and Holt, 2001b) . This class contained a single order (Halobacteriales), which had a single family (Halobacteriaceae). The novel genus Natrialba was proposed by Kamekura and Dyall-Smith (1995) , and was among the several genera that were included in the family Halobacteriaceae within the the Bergey's manual (Garrity and Holt, 2001b) . Using phylogenetic analyses, Gupta et al. (2015) proposed a novel order (Natrialbales) containing a novel family (Natrialbaceae) within the class Halobacteria.
When it was circumscribed, the family Natrialbaceae contained 12 genera, of which six had been proposed since 2002 (Gupta et al., 2015) . The analyses by Gupta et al. (2015) sequences from 60 strains (Table 1) . Forty eight of these were type strains of different species (Table 1) , of which 12 were type species of various genera. The 60 strains were from the genera Halobiforma (Hezayen et al., 2002) , Halopiger (Gutiérrez et al., 2007) , Halostagnicola (Castillo et al., 2006b) , Haloterrigena (Ventosa et al., 1999) ,
Natrarchaeobius (Sorokin et al., 2019a) , Natrialba (Kamekura & Dyall-Smith, 1995) , et al., 1998) , Natronobacterium (Tindall et al., 1984) , Natronococcus (Tindall et al., 1984) , Natronolimnobius (Itoh et al., 2005) , Natronorubrum (Xu et al., 1999) ,
and Salinarchaeum (Dominova et al., 2013) . Since genome and/or deduced proteome sequences were not available for any of the strains assigned to the genera Halovarius (Mehrshad et al., 2015) , Natribaculum (Liu et al., 2015) , Natronobiforma (Sorokin et al., 2018) , and Saliphagus (Yin et al., 2017) , they could not be included in the analysis. Of the 67 genome sequences, 16
were complete and 51 were draft. Two-way average nucleotide identity (ANI) and average amino acid identity (AAI) were calculated using the Kostas lab web server (http://enveomics.ce.gatech.edu) with default parameters.
Phylogenetic analysis using CVTree3
Alignment-free sequence comparison methods offer several advantages over alignmentbased methods, and are particularly useful in the analysis of large datasets (Zielezinski et al., 2017) . CVTree3 is an alignment-and parameter-free method that relies on the oligopeptide content (K-tuple length) of conserved proteins to deduce evolutionary relatedness , and has been used previously for the phylogenetic characterization of archaeal taxa at and above the order level . Phylogenetic analysis using CVTree3 was performed as described previously (Viswanathan et al., 2017; Siddaramappa et al., 2019) . Briefly, the deduced proteome sequences downloaded from UniProt were saved as multifasta files with the extension .faa. The multifasta files from different species/strains were uploaded on to the CVTree3 web server (http://tlife.fudan.edu.cn/cvtree/cvtree/) and analyzed by selecting all available K-tuple length options (from 3 to 9). Because the best K-values for prokaryotes were shown to be 5-6 , the deduced proteome sequence-based tree was visualized at K = 6. The output from CVTree3 was saved as a Newick file, and the tree was rendered using the Interactive Tree Of Life (https://itol.embl.de/) web server version 4 (Letunic and Bork 2019) .
Phylogenetic insights based on deduced proteome sequences
The number of predicted proteins among the 67 genome sequences varied from 2711-4688 (Table 1) . Six major clades were conspicuous in the deduced proteome sequence-based phylogenetic tree, and majority of the species/strains were located on clades 5 and 6 ( Fig. 1) . To further understand the phylogenetic relationships among these species/strains, the criterion proposed by Chun et al. (2018) was used. If the ANI was ≥ 95%, then the strain was inferred not to represent a novel species. Although Qin et al. (2014) opined that ANI comparisons may not be suitable for genus delimitation, phylogenetic analysis combined with ANI comparisons could be useful to identify novel genera. In this study, if the ANI was ≥ 85%, then the strain was inferred not to represent a novel genus. For example, Halovivax asiaticus and Halovivax ruber were colocated on a separate branch in the phylogenetic tree (Fig. 1) . The ANI value between Hv. asiaticus, the type species of the genus, and Hv. ruber was 92.41%. The AAI value between these archaea was 92.99%. Therefore, the proposals that Halovivax is a novel genus (Castillo et al., 2006a) , and that Hv. ruber is a novel species of this genus (Castillo et al., 2007) , are valid.
Two potentially novel genera within subclade 5C
Subclade 5C in the phylogenetic tree ( Fig. 1) contained Halopiger djelfimassiliensis and
Halopiger goleimassiliensis, each located on a deep branch. These two archaea were isolated from the Djelfa and Ghardaïa regions, respectively, of Algeria (Hassani et al., 2013; Ikram et al., 2014) . It was reported that the 16S rDNA sequence similarity between Hp. djelfimassiliensis (or Hp. goleimassiliensis) and Hp. xanaduensis was ~96% (Hassani et al., 2013; Ikram et al., 2014) . goleimassiliensis was 82.00%/74.05%. Therefore, it appears that subclade 5C represents two distinct genera of the family Natrialbaceae.
Five potentially novel genera within subclade 5D
One of the branches within subclade 5D contained 'Natrarchaeobius chitinivorans' and 'Natrarchaeobius halalkaliphilus' (Sorokin et al., 2019a) , which are yet to be validly published.
The ANI/AAI value between 'Nb. chitinivorans' Aarcht4 T and 'Nb. chitinivorans' Aarcht7 was 83.56%/76.74%, the ANI/AAI value between 'Nb. chitinivorans' Aarcht7 and 'Nb.
halalkaliphilus' was 82.40%/78.83%, and the ANI/AAI value between 'Nb. chitinivorans' Aarcht4 T and 'Nb. halalkaliphilus' was 82.03%/75.38%. Therefore, it is likely each of these three archaea represent novel genera of the family Natrialbaceae.
The other branch within subclade 5D contained Natronolimnobius aegyptiacus and Natronolimnobius sulfurireducens. The ANI/AAI values between Nl. baerhuensis, the type species of the genus, and Nl. aegyptiacus and Nl. sulfurireducens were 80.09%/69.98% and 79.94%/71.17%, respectively. Furthermore, the ANI/AAI value between Nl. aegyptiacus and Nl.
sulfurireducens was 81.87%/75.46%. Therefore, not only are Nl. aegyptiacus (Zhao et al., 2018) and Nl. sulfurireducens (Sorokin et al., 2019b) misidentified, but also appear to represent two novel genera within the family Natrialbaceae.
Two potentially novel genera within subclades 5E and 5F
The inclusion of Halobiforma nitratireducens within the genus Halobiforma by Hezayen et al. (2002) was not unambiguous due to the polyphyletic nature of the strains used in the analyses. Since the ANI/AAI value between Halobiforma haloterrestris and Hb. nitratireducens was 83.63%/79.15%, it is likely that the latter represents a novel genus by itself within subclade 5E. Furthermore, Xu et al. (2005b) reported that the 16S rDNA gene sequences of Halobiforma lacisalsi and Hb. haloterrestris had 99.0% similarity. The ANI/AAI value between Hb.
haloterrestris and Hb. lacisalsi was 94.62%/95.07%, confirming that these two species are very closely related.
Within subclade 5F, the ANI/AAI value between Natronobacterium gregoryi and Natronobacterium texcoconense was 84.75%/79.15%. Although the 16S rDNA gene sequences of these archaea were reported to have 97.3% similarity, the DNA-DNA hybridization level between them was only 32.3% (Ruiz-Romero et al., 2013a) . Notably, Nb. texcoconense was oxidase negative, and the optimum NaCl concentration at which it could grow was different from that of Nb. gregoryi (Ruiz-Romero et al., 2013a) . The optimum pH at which these archaea could grow was also different (Ruiz-Romero et al., 2013a) . Based on these results, it is proposed that
Nb. texcoconense represents yet another novel genus.
Three potentially novel genera within subclade 6A
The novel genus Natronorubrum was proposed by Xu et al. (1999) to include Natronorubrum bangense and Natronorubrurn tibetense, with the former as the type species.
Since then, the names of four species of Natranorubrum have been validly published. As of July 2019, the genome sequences of five species of Natronorubrum have been sequenced (Table 1) .
Within subclade 6A, Nr. bangense and Natronorubrum sulfidifaciens were co-located, and the ANI/AAI value between these two species was 88.49%/87.12%. Therefore the proposal by Cui 
Conflicts of interest.
The author declares that there are no conflicts of interest.
